Abstract-We study the temporal behavior of the power spectra for Galactic cosmic-ray fluctuations during the last two solar cycles. We use the 5-min data for 1980-2002 corrected for the barometric effect from two widely separated high-latitude cosmic-ray stations, Tixie Bay and Oulu. The cosmicray fluctuation spectrum is shown to be subjected to a regular long-term modulation with a period of about 11 years in phase with the solar cycle, in accordance with the variations in the inertial part of the turbulence spectrum for the interplanetary magnetic field. Based on independent measurements, we confirm the previously detected cosmic-ray fluctuation power enhancement at the maximum of the 11-year solar cycle and its subsequent decrease at minimum solar activity using new, more extensive data sets. We reach the conclusion about the establishment of a new cosmic-ray modulation phenomenon that has not been described previously in scientific literature. c 2003 MAIK "Nauka/Interperiodica".
INTRODUCTION
Of the entire observed variety of cosmic-ray (CR) variations-temporal and spatial Galactic CR flux variations-the class of short-period variationswith periods from several minutes to several hoursis least understood. In scientific literature, this class of variations is called CR fluctuations. This name in many respects stems from the fact that the fluctuation amplitude is comparable to the noise level recorded by ground-based CR detectors. In general, a groundbased study of the CR fluctuations is based on neutron-monitor data due to the high efficiency of the counters and the large area of the detectors. In a 5-min recording mode, the statistical measurement error of the Galactic CR intensity for various stations is σ ≈ 0.7%, while the amplitude of the fluctuations themselves rarely exceeds 1.0%. Thus, the main problem in studying the CR fluctuations is to isolate the useful signal against a high noise background. The main tool for solving this problem is a spectral analysis of time series.
A systematic study of the physical nature of the CR fluctuations and the dynamics of their power spectrum began 30 years ago (Kozlov et al. 1973) . By now, undeniable progress has been made in this field of studying the CR variations. Analysis of * E-mail: starodub@ikfia.ysn.ru data from the numerous experiments carried out at different CR stations in different countries established the interplanetary origin of the CR fluctuations and revealed the characteristic frequency dynamics of the fluctuation power spectra before the arrival of large-scale solar-wind (SW) disturbances at the Earth's orbit (Starodubtsev 1985; Vashenyuk et al. 1995; Dorman et al. 1995; Perez-Peraza et al. 1998; Kudela et al. 1999; Kozlov et al. 2001) and their relationship to the IMF turbulence spectrum (Owens 1974; Toptygin 1983; Berezhko and Starodubtsev 1988) .
The CR fluctuation spectra are very dynamic; they continuously exhibit variations both in the frequency range and in power, depending on the SW state. As a result, the information flow contained in them is very large. Therefore, analysis of the spectra, especially on long time scales, encounters considerable difficulties. To overcome these difficulties, some authors introduce various CR fluctuation indices that describe the temporal behavior of the CR power spectra (Kudela and Langer 1995; Kudela et al. 1999; Kozlov et al. 2001) . These indices allow us to study the dynamics of the spectra on long time scales and to draw definitive conclusions.
Such an approach was used by Berezhko et al. (1993) . Based on 5-min data from the Tixie neutron monitor, they calculated the monthly mean index of the CR fluctuation spectral power density G by using [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . As a result of their studies, they concluded that there was a significant correlation between the CR fluctuation amplitude and the level of solar activity and hypothesized the corresponding spectral evolution of the magnetosonic SW turbulence associated with solar-flare activity.
If this modulation effect in Galactic CRs actually exists, then it must also be observed in data from other stations with parameters similar to those of the Tixie CR station. Here, our goal is to reliably establish this phenomenon by using independent measurements at two CR stations on a long time scale.
DATA AND THE TECHNIQUE OF ANALYSIS
In this paper, we use continuous 5-min CR recording data from the CR stations Tixie (Russia) and Oulu (Finland). The Tixie and Oulu data cover the periods from January 10, 1980, through June 25, 1991, and from January 19, 1985, through October 16, 2002, respectively. Thus, the observational data mutually overlap by 6.5 years and make it possible to mutually calibrate the measurements. As a result, the period under study spans more than 22 years (from 1980 until 2002) , begins from the maximum of solar cycle 21, and includes the maximum of solar cycle 23.
The table lists the basic parameters of the stations. The two high-latitude stations are located at the sea level and have similar geomagnetic rigidity cutoff thresholds R C < 1 GV; i.e., the effect of the Earth's magnetic field on the recorded CR particle fluxes is weak. Thus, the minimum energies of the CR particles that arrive at the stations are mainly determined by the thickness of the atmosphere. Both stations have narrow asymptotic acceptance cones for CR particles with energy up to 10 GeV (Inoue et al. 1983) . The stations are widely separated in longitude, by more than 100 • , suggesting an independence of the time series used in our analysis. Both stations are equipped with similar instruments-NM-64 neutron monitors, but a different number of counters: 12 at the Tixie station and 9 in Oulu, which affects the statistical counting of the instruments.
To avoid erroneous conclusions, in the primary reduction of the CR measurements great attention should be paid to the corrections for meteorological effects. Since the effect of the Earth's atmospheric temperature on the neutron CR component is less than 0.01% (Dorman 1974) , we analyze here 5-min data corrected only for the much stronger barometric effect.
An indispensable condition for using data in analysis is their quality. As the initial data (as in Berezhko et al. 1993) , we took a daily realization (288 points). In the absence of apparent errors and gaps for more than two hours (24 points), we considered them suitable for our analysis. In addition, we excluded from our analysis the periods when solar CR events were recorded at the stations; in general, such solar proton events have a rapid (∼1 h), sharp rise and a large amplitude, which significantly distorts the results of the spectral analysis. We did not exclude Forbush decreases from our analysis, because the CR decrease in the 5-min data has the pattern of a low-frequency trend, which can be eliminated by digital filtering.
To compare the data from the two different stations, we expressed the CR intensity in percents of the average level for each data realization.
The first step in preparing the time series for spectral analysis is the standard procedure of reducing the data to a zero mean. The main problem in the spectral analysis is the signal-to-noise ratio. To obtain correct estimates of the calculated quantities, it is necessary to avoid here the power redistribution in the spectra in frequency.
Therefore, the next step-the reduction of the data to a quasi-stationary form-is achieved by highfrequency filtering. It can be implemented by any digital filter with an appropriate transfer function. An important condition at this step is the choice of a working filter frequency band ν 1 < ∆ν < ν 2 . In our case, this band is determined at high frequencies by the data-sampling step ∆t = 300 s, which corresponds to the Nyquist frequency ν 2 = 1.67 × 10 −3 Hz. The low frequency ν 1 of the working filter-frequency band ∆ν is more difficult to choose, because it depends in many respects on the physical nature of the CR fluctuations under study. Here, taking into account the results of our previous studies (Berezhko and
